Abstract: Morpho-physiological and genetic studies of salinity are important in understanding the mechanism of plant adaptation to stressful environment. Eighteen rice genotypes collected from Sudan and South Sudan, which were never tested for salt tolerance, as well as two genotypes (FL478 as tolerant check and IR29 as sensitive check) from the International Rice Research Institute (IRRI), were subjected to salinity stress at seedling stage. Test was carried out in hydroponic system applying electrical conductivity (EC) 12 dS/m NaCl using randomized complete block design with three replicates. Most of the genotypes showed sensitivity to salt stress; one genotype PIPANFARY RED2 was moderately sensitive and three genotypes MASURY1, MASURY2 and FL478 were tolerant. Salinity significantly reduced leaf dry weight, shoot dry weight, root dry weigh and biomass production (biomass/plant) by 31%, 42%, 60% and 47%, respectively. Tolerant genotypes accumulated low amount (2.52 g/100 g dry weight (dwt)) of Na + in the root, whereas highly sensitive genotypes accumulated high amount (3.87 g/100 g dwt) of Na + . Tolerant genotypes showed less reduction in K + concentration than the sensitive genotypes. Therefore, they maintained lowest Na + /K + ratio in the shoot (1.47%) than in the root (3.69%) compared to the intolerant genotypes (7.49% and 8.49%). The genotypes that showed tolerance to salinity stress can be used as a source of resistance/tolerance in a breeding program for rice improvement in uplands areas in semi-arid condition.
Introduction


Salinity is a major constraint restricting rice productivity across many rice production areas [1] . It is a worsening problem particularly in inland areas of arid and semi-arid due to the buildup of salinity as a consequence of excessive use of irrigation water with improper drainage coupled with the use of poor quality irrigation.
Rice susceptibility to salinity changes with the stage of development; germination, active tillering and maturation stages are less susceptible to salinity than to the seedling and early reproductive stages [1, 2] . Recently, considerable progress was made in understanding the physiological bases of salt tolerance in rice and salt tolerant genotypes were developed [3, 4] . However, due to their local adaptation, landraces cultivars are being used as potential genetic resources of stress tolerance traits [5] .
A large contributor to salinity stress is the build-up of the sodium ion (Na + ) in the cytoplasm of leaf cells.
High cytoplasmic Na + interferes with processes that require the binding of potassiumion (K + ), protein synthesis and the activation of key metabolic enzymes [6] . One key mechanism of salinity tolerance is the ability of a plant to control Na + transport at both the tissue and cell levels, either by secreting Na + into tissues, cells and organelles where it can do little damage, or by minimizing the amount of Na + entering the plant through its roots [6, 7] . In Sudan, most of the rice cultivated areas are of flood and salinity. However, no information is available on the
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Screening for Sodium-Salt Tolerance at the Seedling Stage of Rice (Oryza sativa L.) Genotypes from Sudan and South Sudan 342 mechanism of salinity tolerance of the locally grown cultivars. Therefore, the objective of the present study was to evaluate salinity tolerance of some Sudanese genotypes (never evaluated for their salt tolerance) during the early seedling stage and to identify the mechanism of tolerance with reference to Na + and K + uptake.
Materials and Methods
Planting Material, Experimental Design and Evaluation of Salinity
Eighteen rice genotypes were studied: seven of them were collected from Aweil, South Sudan (NBGS1, [8, 9] . The seeds were first incubated for 3 d in an oven at 50 °C to break seed dormancy, soaked in distilled water and then incubated and pre-germinated in the dark at 32 °C until the seeds sprouted (in about 48 h). Five germinating seeds from each genotype were transferred to styrofoam floats in a plastic container of 8 L capacity filled with deionized water and the entire setup was transferred to the green house of the IRRI. A randomized complete block design was used to carry out the experiment; entries were replicated three times. Two sets of treatments were used: one normal and the other saline. Three days later, the deionized water was replaced by Yoshida nutrient solution [10] for 4 d. Electrical conductivity (EC) of the solution was adjusted by the addition of NaCl into 6 dS/m after 3 d and 12 dS/m after 6 d. The pH was checked and adjusted every day within the range of 5.0-5.4 and nutrient solution was changed every week to maintain nutrients in the solution. IRRI's Standard Evaluation System (SES) for rice [11] was used for evaluation of salinity tolerance in score (3 = tolerant; 5 = moderate tolerant; 7 = susceptible; 9 = sensitive). Salinity effect started to appear in some genotypes from the second scoring then most of them reached high scoring of 7-9 after 14 d from subjecting the plants to salinity.
Na + and K + Determination
The plant samples (shoots and roots, separately)
were transferred into labeled coin envelopes and put in an oven for drying at 70 °C to a constant weight. Then their dry weights were determined and homogenized using scissor and beaker and sub-samples of 20.5 mg each were introduced into labeled 50 mL Falcon tubes.
Then 20 mL 0.1 M of acetic acid was added to each tube using an automatic dispensing burette. Extreme care was taken to thoroughly wet the sample with the acid, and the samples were digested in an oven at 60 °C for overnight per a couple of 5 d, then the bottles were shaken gently and filtered through a
Whatman filter papers No.1 into new set of labeled 50 mL Falcon tubes, and finally 1 mL of the filtered sample was transferred to 14 mL Falcon tubes using pipette, and diluted to 10 mL using Nano pure water for Na + and K + determination on an atomic absorption spectrometer (AAS) (Perkin Elmer A Analyst 400).
Then Na + and K + concentrations were determined in percentage as follows:
where, ppm volume is the amount of Na + or K + from the AAS, 20/1000 is the amount of solvent used for extraction in liter and 10 is the diluted volume. Moreover, leaf dry weight, shoot dry weight, root dry weight and biomass/plant were recorded under saline and control conditions.
Screening for Na + Tolerance in Plant Tissue and Leaf to Leaf Compartmentation
Based on the results of the effect of the salinity in the studied genotypes, two tolerant genotypes (MASURY1 and MASURY2) and two sensitive genotypes (BG400-1 and SOMMBOY) were selected, screened and compared with FL478 (tolerant check) and IR29 (sensitive check) for shoot sodium, tissue Na + tolerance and leaf to leaf compartmentation. The experiment was laid out using different salinity treatments (EC0, EC6, EC12 and EC18 or 0, 60, 90 and 120 mM) with three replications in a randomized complete block design. Seed treatments, incubation, germination and salinity treatments were carried out following the procedure mentioned above (the trays designed for different salinity treatments were salinized after 14 d). Depending on the toxicity symptoms, the individual leaves (the youngest fully expanded leaf) of the genotype encompassing the range of observable symptoms in the highest salinity treatment (EC18) which reached an average SES of 9 were harvested from all salinity treatments and the control according to a wide range of damage that appeared. Then the samples were oven dried, weighed and Na + concentrations were determined as above. For leaf to leaf compartmentation screening, the seedlings were left to grow under Yoshida nutrients solution for 21 d then salinized with NaCl (6 g NaCl/L; 12 dS/m). In the following day, the leaf three (L3) and leaf four (L4) from two plants of each genotype were harvested (4 d after salinization). The samples were oven dried and weighed and subsamples were taken for Na + extraction, and Na + concentration was determined on an AAS as mentioned before.
Statistical Analysis
Analysis of variance was carried out on the collected data using software Statistical Tool for Agricultural Research [12] . Least significant difference (LSD 0.05 ) was used for mean separation.
Results
Statistical analysis (data not shown) revealed that the effect of genotype and salt concentration level (salinity) were highly significant (p ≤ 0.01) for all of the phenotypic parameters under study (leaf dry weight, shoot dry weight, root dry weight and biomass/plant) and physiological traits (shoot Na + , shoot K + , shoot Na + /K + ratio, root Na + , root K + and root Na + /K + ratio). The effects of genotype, salinity as well as the effect of genotype X salt concentration interaction were significant for all traits, except for root Na + , which revealed non-significant differences.
When salt stress of 12 dS/m was applied, all of Aweil genotypes (South Sudan) were susceptible to salinity (SES values of 7.0-8.5). For Kosti genotypes (Sudan), two genotypes (MASURY1 and MASURY2) showed tolerance to salinity (SES values of 3.0-4.5), one genotype (PIPANFARY RED2) was moderately tolerant (SES value of 5-6.7) and one genotype (SOMMBOY) was highly sensitive to salinity stress (SES value of 9); the rest of the genotypes were susceptible (SES of 7.0-8.5) as shown in Table 1 . Salinity caused great reduction in phenotypic parameters (leaf dry weight, shoot dry weight, root dry weight and biomass production) in all genotypes, except for FL478 (tolerant check), which showed an increase in shoot dry weight by 12% and in biomass/plant by 8% under saline condition (Table 1) . On average, salinity caused a considerable reduction in leaf dry weight, shoot dry weight, root dry weight and biomass production by 31%, 42%, 60% and 47%, respectively, after 14 d from salinization with high variation among genotypes. The results also showed that roots dry weight was the most severely affected trait under saline condition. of Na + in the shoot with a mean value of 2.52 g/100 g dry weight (dwt), whereas susceptible genotypes accumulated higher amounts of Na + with a mean value of 3.87 g/100 g dwt. On the other hand, the tolerant genotypes accumulated highest amount of Na + in the root (2.51 g/100 g dwt) than the highly sensitive genotypes (2.44 g/100 g dwt) ( Table 2) . Nevertheless, sensitive genotypes absorbed more Na + and transferred high amount to the shoot, whereas the tolerant genotypes absorbed less Na + and retained most of it in their roots, therefore maintained higher shoot growth rate (Table 2 ). Due to the antagonistic properties of Na + and K + with increase in salt concentration, K + rate was decreased in all tissues, with variations among genotypes, except for the tolerant genotype MASURY1, which showed an increase in K + concentration in the shoot by 3%
( Table 2 ). The K + concentration in the shoot ranged from 0.545% (IR29 (sensitive check)) to 2.005% (MASURY1) and in the root it ranged from 0.181% (PIPANFARY RED1) to 0.806% (MASURY2).
The results in Table 3 show that salinity caused an increase in the ratio of Na + /K + in both shoot and root.
The highest ratio of Na + /K + in the shoot was related to highly sensitive genotype (SOMMBOY, 7.499%), whereas the lowest ratio was related to tolerant genotype (MASURY1, 1.306%). On the other hand, the highest ratio of Na + /K + in root was related to highly sensitive genotype (JAING ARRI RED, 13.951%), while the lowest ratio was related to moderately tolerant genotype (MASURY2, 3.211%). The shoot and the root Na + /K + ratios increased under saline condition by 98% and 92% under control condition. Under saline condition, the tolerant genotypes exhibited lower amounts of Na + /K + ratio in the shoot (1.468%) than in the root (3.690%). But the highly higher than that in the tolerant check. Moreover, the results showed that sensitive genotypes to salinity accumulated high Na + concentration but scored low SES, whereas tolerant genotypes accumulated low Na + and scored high SES (Fig. 1) .
For leaf to leaf compartmentation, leaf three and leaf four, the amount of Na + content increased from day to day and reached the highest level in day four (four days after salinization (DAS)). The highest amount (625.1 mg/100 g dwt) of Na + content was scored by the genotype SOMMBOY and the lowest amount (30.7 mg/100 g dwt) was obtained for BG400-1 (Table 5) . On the other hand, sodium concentration in leaf three was higher than in leaf four for all rice accessions. The result also showed a negative correlation between leaf to leaf Na + concentration and SES score; thus, the genotypes with the highest leaf to leaf Na + concentration gave the lowest SES score (Fig. 2) . Similarly, as shown in Fig. 3 , the genotypes with the lowest SES score under salinity condition exhibited the highest tissue tolerance score, higher leaf to leaf compartmentation score and lower shoot sodium concentration, and the reverse is true for genotypes with lowest SES score. [8] . Moreover, the severe effect of salinity on root dry weight could be attributed to the accumulation of most of the salts in the roots than in the shoots [18, 19] . The significant variation among the genotypes due to salt stress indicates that increase in Na + concentration reduces K + concentration either in the shoots or in the roots. Under condition of high salt concentration, Na + concentration was higher in the shoot than in the root, which led to reduction of K + concentration in the shoot and increase of Na + /K + ratio and this is one of the tolerance mechanisms in grasses, which limits the transport of Na + into photosynthetic cells and the growing of meristem active tissue [5] . Therefore, tolerant genotypes accumulated less amount of Na + in the shoot, high amount of K + and less ratio of Na
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hence retained most of Na + content to the root, thus they maintained higher shoot growth rate. These findings agree with those of Peng and Ismail [14] . Moreover, the high concentration of Na + in the plant treated with NaCl suggests that the culture of the NaCl solution imposed ionic stress in the plant, in addition to the osmotic stress. This is further evidenced by the antagonistic effect of higher levels of Na + on K + uptake, which has been shown to occur in previous studies with high concentrations of Na + in nutrient or soil solution [20] . The selected genotypes showed uniform green color under control condition. Tolerant (MASURY1 and MASURY2) and moderately tolerant (BG400-1) genotypes to salinity stress under salinized condition indicating their ability to tolerate Na + concentration as they showed less growth reduction in the studded parameters than intolerant (SOMMBOY) genotype, which agrees with the report of Castillo et al. [21] . When genotypes were exposed to different EC (0, 6, 12 and 18 dS/m), the highest Na + concentration was reached at the level of EC18. The highest of level of Na + concentration exhibited by the MASURY2
(tolerant genotype) indicates that this genotype has a mechanism of compartmentation of salts in the apoplast to avoid buildup of toxic concentrations in the cytoplasm. This tolerance could probably be achieved through a set of active processes involving a gene family of ion transporters such as Na + /H + antiporters that sequester salt in vacuoles [22] or move it out of the cell cytoplasm and recirculate it back to roots [23] . The highly significant variations between the genotypes for salt accumulation in leaf three (old leaf) than in leaf four (new leaf) suggesting the accumulation of salts in older leaves than in the newly growing leaves. The highest and lowest levels of Na + concentrations in leaf three and leaf four achieved by the sensitive genotype (SOMMBOY) and the moderately tolerant genotype (BG400-1) in day four indicate that this moderately tolerant genotype has a mechanism of tissue tolerance by accumulation of Na + in the vacuoles of the cell of the old leaves [6] . However, the lower SES score for the tolerant genotypes and the higher tissue tolerance score, higher leaf to leaf compartmentation score and lower shoot sodium concentration than for the intolerant genotypes indicate that genotypes with higher tissue tolerance maintain their cellular ultrastructure and have higher net photosynthesis at higher amounts of tissue salt concentration [3] .
Conclusions
It could be concluded that salt stress severely affect the physiological traits, causing highly significant variability among the genotypes and the interaction between them. Tolerant genotypes accumulated lower amounts of sodium in the shoot and less reduction in K + concentration than the sensitive genotypes.
Therefore, genotypes that showed tolerance to sodium salt stress could be used in breeding programs for tolerance of rice plants to salt stress in Sudan. Much work is needed to study the effect of salinity and sodicity on electrolyte concentration on growth parameters in rice plants in Sudan. In addition, understanding the molecular genetics and physiology 
